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Assessing Air Velocity Distribution in Three Sizes of Commercial Broiler
Houses During Tunnel Ventilation
Abstract
Convective cooling is a critical management strategy for maintaining an environment that promotes
production efficiency, thermal comfort, and animal well-being in commercial broiler houses. Variations in
house size, design, and equipment configuration contribute greatly to the air velocity distribution within the
facility. This study assessed total airflow, air velocity distribution, and quantified the floor area in three
facilities experiencing insufficient air velocity for maintenance of production efficiency, thermal comfort, and
animal well-being. Test facility 1 was an 18.3 x 170.7 m solid side-wall broiler house, test facility 2 was a 15.24
x 144.8 m solid side-wall broiler house, and test facility 3 was a 12.19 x 121.9 m curtain side-wall broiler
house. Total airflow of each facility, measured with a Fan Assessment and Numeration System, was 512,730,
389,495, and 329,270 m3 h-1 for test facilities 1, 2, and 3, respectively. Air velocity distribution patterns were
characterized in each house with a Scalable Environment Assessment System (SEAS) and spatial statistics.
The air velocity distributions within the test facilities were variable, with notable maxima immediately
downstream of the tunnel inlets, which serve as a well-defined vena contracta, and local minima near the
leading end of the evaporative pads and the exhaust fans. Equipment within the facilities had an impact on the
air velocity distribution by creating reduced cross-sectional areas that resulted in localized increases in air
velocity. The percentage of total bird-level floor area in each facility experiencing air velocities below 1.5 m s-1
was 14.3%, 20.7%, and 10.0% for test facilities 1, 2, and 3, respectively. The effective design velocity (Ved) was
calculated from total airflow using the measured building cross-sectional area. The Ved measured 2.97, 2.45,
and 2.34 m s-1 for test facilities 1, 2, and 3, respectively. Mean cross-sectional air velocity (Vcs) was calculated
from SEAS data and normalized using each facility‘s Ved to account for differences in building size for
comparison. Test facility 1, the largest of the three houses, generated substantially higher Vcs/Ved than test
facilities 2 and 3. Test facilities 2 and 3 maintained a larger proportion of Vcs above Ved than test facility 1.
Test facility 1 showed 26.5% of the total house length below Ved, while test facilities 2 and 3 had only 20.8%
and 17.5%, respectively, of the total house length below Ved. The lower-velocity regions were due to the
length of the evaporative cooling pad inlet and the use of tunnel doors, and the exhaust fan placement on the
side-walls in test facility 1 created an additional pronounced low-velocity area. Placement of tunnel ventilation
fans on the end-wall of the facility, rather than the side-wall, eliminated the low-velocity region at the exhaust
end of the facility. Modifications to current practices for broiler production facility construction and
evaporative cooling pad inlet installation would be required to minimize the low-velocity region at the inlet
end of these facilities. Consideration of house width and physical arrangement of the air inlets, tunnel fans,
and internal equipment are critical for improving the uniformity of air velocity in commercial broiler houses.
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ASSESSING AIR VELOCITY DISTRIBUTION IN THREE  
SIZES OF COMMERCIAL BROILER HOUSES  
DURING TUNNEL VENTILATION 
B. D. Luck,  J. D. Davis,  J. L. Purswell,  A. S. Kiess,  S. J. Hoff 
ABSTRACT. Convective cooling is a critical management strategy for maintaining an environment that promotes production 
efficiency, thermal comfort, and animal well-being in commercial broiler houses. Variations in house size, design, and 
equipment configuration contribute greatly to the air velocity distribution within the facility. This study assessed total air-
flow, air velocity distribution, and quantified the floor area in three facilities experiencing insufficient air velocity for 
maintenance of production efficiency, thermal comfort, and animal well-being. Test facility 1 was an 18.3 × 170.7 m solid 
side-wall broiler house, test facility 2 was a 15.24 × 144.8 m solid side-wall broiler house, and test facility 3 was a 12.19 × 
121.9 m curtain side-wall broiler house. Total airflow of each facility, measured with a Fan Assessment and Numeration 
System, was 512,730, 389,495, and 329,270 m3 h-1 for test facilities 1, 2, and 3, respectively. Air velocity distribution patterns 
were characterized in each house with a Scalable Environment Assessment System (SEAS) and spatial statistics. The air 
velocity distributions within the test facilities were variable, with notable maxima immediately downstream of the tunnel 
inlets, which serve as a well-defined vena contracta, and local minima near the leading end of the evaporative pads and the 
exhaust fans. Equipment within the facilities had an impact on the air velocity distribution by creating reduced cross-sec-
tional areas that resulted in localized increases in air velocity. The percentage of total bird-level floor area in each facility 
experiencing air velocities below 1.5 m s-1 was 14.3%, 20.7%, and 10.0% for test facilities 1, 2, and 3, respectively. The 
effective design velocity (Ved) was calculated from total airflow using the measured building cross-sectional area. The Ved 
measured 2.97, 2.45, and 2.34 m s-1 for test facilities 1, 2, and 3, respectively. Mean cross-sectional air velocity (Vcs) was 
calculated from SEAS data and normalized using each facility’s Ved to account for differences in building size for compari-
son. Test facility 1, the largest of the three houses, generated substantially higher Vcs/Ved than test facilities 2 and 3. Test 
facilities 2 and 3 maintained a larger proportion of Vcs above Ved than test facility 1. Test facility 1 showed 26.5% of the 
total house length below Ved, while test facilities 2 and 3 had only 20.8% and 17.5%, respectively, of the total house length 
below Ved. The lower-velocity regions were due to the length of the evaporative cooling pad inlet and the use of tunnel doors, 
and the exhaust fan placement on the side-walls in test facility 1 created an additional pronounced low-velocity area. Place-
ment of tunnel ventilation fans on the end-wall of the facility, rather than the side-wall, eliminated the low-velocity region 
at the exhaust end of the facility. Modifications to current practices for broiler production facility construction and evapo-
rative cooling pad inlet installation would be required to minimize the low-velocity region at the inlet end of these facilities. 
Consideration of house width and physical arrangement of the air inlets, tunnel fans, and internal equipment are critical 
for improving the uniformity of air velocity in commercial broiler houses. 
Keywords. Air velocity, Anemometer, Broiler house, FANS, Tunnel ventilation. 
unnel ventilation design for broiler housing applica-
tions typically focuses on meeting air velocity per-
formance specifications. During the last 15 years, 
steady increases in ventilation design air velocity 
have been implemented to improve cooling through convec-
tion, thus maintaining feed consumption and improving feed 
conversion. Historically, excessive convective cooling was 
considered problematic under most weather conditions (Wil-
son et al., 1957). However, with modern genetics and in-
creased market weights, convective cooling improves ther-
mal comfort and production efficiency. 
Sensible heat loss in broilers increases with increased air 
velocity (Mitchell, 1985a, 1985b; Simmons et al., 1997). In-
creasing sensible heat loss with high air velocity reduces the 
need for latent heat dissipation (panting) by the broilers and 
reduces energy expenditure (Simmons et al., 2003). Thermal 
comfort is also improved as deep body temperature is re-
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duced with increasing air velocity (Hamrita et al., 1998; Tao 
and Xin, 2003). The effects of increased air velocity on the 
performance of modern broiler genetics are well docu-
mented in the literature (Dozier et al., 2005a, 2005b, 2006; 
Furlan et al., 2000; Lacy and Czarick, 1992; Lott et al., 1998; 
May et al., 2000; Sevegnani et al., 2000; Simmons et al., 
2003). Simmons et al. (2003) found that body weight gain 
and feed conversion increased significantly in six to seven-
week-old broilers with air velocities of 3.0 m s-1. Live pro-
duction performance of broiler chickens improved when 
raised in differing environmental conditions (cyclic temper-
atures, high ambient temperatures, and moderate tempera-
tures with a high dew point) while being exposed to contin-
uous high air velocities of 2.79 to 3.0 m s-1 (Dozier et al., 
2005a, 2005b, 2006). Given that the benefits of increased 
convective cooling for broilers are well documented, quan-
tifying the spatial air velocity variations across different 
house sizes, and equipment configurations may identify ar-
eas of reduced production efficiency and provide the impe-
tus for design improvements. 
Limited information about the variability of air velocity 
within poultry production facilities exists in the literature. 
Wheeler et al. (2002) reported average air velocities between 
1.7 and 2.6 m s-1 in a tunnel-ventilated broiler production fa-
cility, with 0.5 to 0.9 m s-1 reductions between human and 
bird-level heights above the litter. Czarick and Fairchild 
(2011) assessed fan placement in a tunnel-ventilated broiler 
house and found no differences in air velocity distribution 
between the end-wall and side-wall fan locations. Mi-
ragliotta et al. (2006) assessed environmental parameters in-
cluding air velocity in a tunnel-ventilated broiler house and 
observed little variation in air velocity, which was attributed 
to proper tunnel ventilation design. However, the absence of 
detectable variations in air velocity by Miragliotta et al. 
(2006) likely resulted from low sample density and the pres-
ence of human bodies in the air stream during measurements. 
Average air velocity within the tunnel-ventilated facility ob-
served by Miragliotta et al. (2006) was 1.4 m s-1 with a vari-
ance of 0.24 m s-1. These low velocities, by contemporary 
design standards, may also have contributed to the lack of 
variation within the facility. Luck et al. (2014) developed a 
system for assessing air velocity distribution in tunnel-ven-
tilated commercial broiler production facilities. It was deter-
mined that measurement densities of 3.05 m between cross-
sections in the horizontal plane and 40 measurement points 
in the vertical plane were sufficient to define variations in air 
velocity within a facility. 
Convective cooling is a critical management strategy for 
maintaining an environment that promotes production effi-
ciency, thermal comfort, and animal well-being. Variations 
in convective cooling in tunnel-ventilated facilities may con-
tribute to variations in thermal comfort, and thus live perfor-
mance. The size, design, and feeding/drinking equipment of 
broiler houses likely contribute to the air velocity distribu-
tion within the facility and may impose localized reductions 
in convective cooling. The objectives of this study were to: 
(1) assess total airflow during tunnel ventilation in three 
broiler production facilities of differing sizes and designs, 
(2) characterize the air velocity distribution across three 
house sizes and design configurations using the traverse 
method during tunnel ventilation, and (3) determine the floor 
area within each facility experiencing insufficient air veloc-
ity for maintenance of production efficiency, thermal com-
fort, and animal well-being. 
MATERIALS AND METHODS 
FACILITY DESCRIPTIONS 
Three facilities were assessed for this study. Test facil-
ity 1 was an 18.3 × 170.7 m commercial broiler production 
facility with 2.0 m solid side-walls and a 3.2 m ceiling peak 
height (fig. 1a). This facility was equipped with fourteen 
132 cm ventilation fans (49862-41B, Chore-Time Equip-
ment, Milford, Ind.). Seven fans were located on both the 
north and south side-walls at the west end of the facility. 
Evaporative cooling pad inlets (1.52 × 42.7 m) were located 
on both the north and south side-wall at the east end of the 
facility. Tunnel inlet doors were installed on the evaporative 
cooling pad inlets. Charge hoppers for the three feed lines 
were located at the east and west ends of the facility, and two 
drinker lines were located on either side of each feed line. 
Curtains for half-house brooding were located at 60 and 
120 m from the east end-wall and were stowed during test-
ing. A set of radiant tube brooders ran the length of the house 
near the ceiling peak. 
Test facility 2 was a 15.24 × 144.8 m tunnel-ventilated 
broiler production facility with 2.4 m solid side-walls and a 
3.5 m ceiling peak height (fig. 1b). This facility was 
equipped with twelve 132 cm exhaust fans (BDR54J1-C, 
Acme Engineering and Manufacturing Corp., Muskogee, 
Okla.). Four fans were located on both the east and west side-
walls, and four fans were placed on the north end-wall. The 
fans on the north end-wall were separated into pairs by an 
overhead door in the center of the structure that provided ac-
cess for equipment to enter and leave the facility. Evapora-
tive cooling pad inlets (1.52 × 33.0 m) were installed on both 
side-walls at the south end of the facility with tunnel venti-
lation doors. Three feed lines and six drinker lines ran the 
length of the facility, with six feed line charge hoppers lo-
cated at center house. Curtains to separate the brooding area 
were located at 48 and 96 m from the south end-wall. Round 
radiant brooders were located above each of the side feed 
lines at a height of 1.52 m, and plastic curtain air deflectors 
were installed on the ceiling at 12.2 m intervals. The air de-
flectors measured 1.14 m tall at the center, were constructed 
from plastic sheet material, and extended 2.3 m above the 
litter when deployed. Deployment and stowing of the deflec-
tors was accomplished by a nylon string and pulley system. 
Test facility 3 was a 12.19 × 121.9 m commercial curtain-
sided broiler production facility with 2.4 m curtain side-
walls with exposed posts and a 3.7 m ceiling peak height 
(fig. 1c). The plastic sheet curtain spanned a 1.22 m opening 
centered in the side-walls. This facility was equipped with 
ten 121.9 cm exhaust fans (6603-7205, Hired Hand, Inc., 
Bremen, Ala.) installed at the east end of the facility. Two 
fans were located on both the north and south side-walls, and 
six fans were located across the east end-wall. This facility 
was equipped with 1.52 × 16.8 m evaporative cooling pad 
inlets on the north and south side-walls at the west end of the 
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facility with tunnel ventilation doors. Curtains to separate 
the brooding area were located at 30 and 95 m from the west 
end-wall and were stowed during testing. Three feed lines, 
six drinker lines, and round radiant brooders at a height of 
1.52 m were present inside the facility. Six feed line charge 
hoppers were located at center house. 
The equipment contained in each of the three test facili-
ties was configured as prescribed for a production environ-
ment during air velocity assessment and during facility flow 
assessment. Feed lines were lowered to bird level, with the 
feed pans resting on the litter. Water lines were lowered to 
approximately 20 cm above the litter. Feed hoppers, located 
at center house in test facilities 2 and 3 and the ends of the 
house in test facility 1, were installed. All brood curtains and 
air deflectors within the facilities were stowed during all 
tests. Radiant brooders were lowered to operating height 
during the testing. Evaporative cooling pad inlets were in 
used condition, and water was not added to the evaporative 
cooling pads during assessment of the test facilities. The lit-
ter condition within test facilities 1 and 3 was used, and the 
cake from the previous flock remained. No notable disturb-
ances in the litter in test facilities 1 and 3 were observed. The 
Figure 1. Schematic representations of (a) test facility 1, (b) test facility 2, and (c) test facility 3 (not to scale). Air velocity measurement locations 
are referenced to the building corners labeled (0, 0). 
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litter in test facility 2 had been de-caked and leveled at the 
time of assessment. Tunnel ventilation fans were cleaned 
with compressed air before testing. No birds were present in 
these facilities during air velocity assessment nor facility 
flow assessment. 
AIRFLOW MEASUREMENT 
Total airflow in each facility was collected with a Fan As-
sessment and Numeration System (FANS) (Simmons et al., 
1998b). Test facilities 1 and 2 required a 137.2 cm FANS 
unit (54-0027, FANS, Lexington, KY), while test facility 3 
used a 121.9 cm FANS unit (48-0028, FANS, Lexington, 
Ky.), each with a data acquisition system as described by 
Sama et al. (2008) (FANS software version 3). Each FANS 
unit was calibrated at the University of Illinois BESS fan test 
facility (Gates et al., 2004). During data collection, the 
FANS unit was placed flush with the wall, and a layer of 8.9 
× 38 cm poly-encapsulated fiberglass insulation (B1284, 
Johns Manville, Inc., Denver, Colo.) was compressed be-
tween the wall and the FANS unit to minimize leakage 
(fig. 2). All tunnel ventilation fans were in operation, side-
wall vents and side-wall curtains were closed, and the tunnel 
doors were fully open for fan flow measurements. Differen-
tial static pressure (DSP) was measured at center house with 
a precision electronic manometer (475-000-FM, Dwyer In-
struments, Michigan City, Ind.) during full tunnel ventilation 
testing. Center house DSP was 37.3 Pa for test facility 1 and 
32.3 Pa for test facilities 2 and 3. DSP was also measured at 
each fan with the same manometer (Purswell et al., 2014). 
The high-pressure tube was passed from the interior of the 
facility to the exterior via the side-wall inlets at center house 
and the drain hole in each fan case. Care was taken to ensure 
that the tube did not interact with the output flow of the tun-
nel ventilation fans. Fan age ranged from six months (facil-
ity 1) to more than five years (facility 2); all fans were in 
proper working order and tested in situ with no modifica-
tions except cleaning with compressed air. Two airflow 
readings were initially collected for each fan. If the differ-
ence between the two initial readings was greater than 2%, 
additional readings were collected until two readings were at 
or below 2% difference (Li et al., 2005; Purswell et al., 
2014). The collected measurements were averaged to pro-
vide mean airflow for each individual fan. 
Design velocity for modern broiler houses is typically esti-
mated from fan test data at a given DSP (traditionally 25 Pa) 
and the cross-sectional area of the building. In practice, dis-
crepancies arise from errors in estimating inlet losses, wall 
friction from obstructions, and variance from fan test data. 
Quantifying total fan airflow of a given facility in situ can 
yield an effective design velocity (Ved, m s-1) when the internal 
cross-sectional area is known. The effective design velocity 
was calculated via the continuity relationship (Henderson et 
al., 1997) using internal cross-section areas of 47.9, 44.2, and 
39.1 m2 for test facilities 1, 2, and 3, respectively. 
AIR VELOCITY MEASUREMENT 
Air velocity measurements were taken using the Scalable 
Environment Assessment System (SEAS) described by 
Luck et al. (2014). During air velocity measurement, all tun-
nel ventilation fans were in operation, side-wall vents and 
side-wall curtains (if present) were fully closed, and tunnel 
ventilation doors at the inlets were fully open. The transverse 
distances for the seven SEAS masts used in test facility 1 
were 0.92, 3.35, 6.0, 8.88, 12.05, 14.87, and 17.34 m (fig. 3). 
The transverse distances for the five SEAS masts used in test 
facility 2 were 0.91, 4.67, 7.56, 10.49, and 14.02 m, and the 
transverse distance for the five SEAS masts used in test fa-
cility 3 were 0.91, 3.45, 6.58, 9.47, and 12.04 m. The hori-
zontal distance between sensor elements on each mast was 
1.45 m for all test facilities. The vertical distance of the air 
velocity sensors was set to 0.46, 1.07, 1.68, and 2.13 m 
above the litter, with additional sensors added to each mast 
every 0.61 m where needed to measure in the peak of the 
ceiling. Sensor numbers as installed in test facilities 1, 2, and 
3 are shown in figure 4. 
The axial distance between cross-sections was 2.44 m in 
test facility 1 and 3.05 m in test facilities 2 and 3. These dis-
tances provided a convenient method for aligning the SEAS 
with the roof trusses in each facility. Once the masts were 
placed in a cross-section, personnel exited the facility, and a 
2 min equilibration period was exercised before measure-
ments were collected. Three air velocity subsamples were 
each collected at a 1 Hz sampling rate for 2 min, and this 
procedure was repeated for every measurement cross-sec-
tion. Air velocity distribution maps were generated using the 
GSTAT package (Pebesma, 2001) in R (R Project, 2012) per 
Luck et al. (2014). 
Mean cross-sectional air velocity (Vcs) was calculated 
from the spatial data within each cross-section. The ratio of 
Vcs to Ved was used to normalize for differences in facility 
cross-sectional area in order to compare the three test facili-
ties. Ratios of Vcs to Ved were used to detect areas of poor air 
circulation and increases in working pressure on the fans. 
Figure 2. Data collection with 137.2 cm FANS unit in test facility 1 (air-
flow from left to right). 
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Uncertainty analysis was performed on six selected sen-
sors within the cross-section 3.05 m downstream from half-
house per Hoff et al. (2009). Anemometer calibration meth-
ods were the same as described by Luck et al. (2014). Least 
squares regression with a linear model was used to calibrate 
each anemometer (SAS, 2012). Actual air velocity values 
were estimated using the regression equation and measured 
sensor values within the cross-section. The 95% confidence 
intervals for these estimated values were also given from the 
regression. The equation used to estimate the uncertainty of 
measurement was as follows: 
 ( )
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regEq  (1) 
where 
ΔV = measurement uncertainty (m s-1) 
VregEq = final regression equation from the linear least 
squares method for an individual sensor 
Vmeasured = measured input value to regression equation 
ΔVsensor = estimated uncertainty of the sensor from the 
manufacturer’s specification 
ΔV95%CI = 95% confidence interval for the estimated ac-
tual air velocity from the regression. 
The manufacturer-specified accuracy of the anemometers 
(F-333-2-5-0, Degree Controls, Inc., Milford, N.H.) was 
temperature dependent (±10% of the reading between 20°C 
and 30°C). Measurement accuracy decreased by ±0.25% per 
degree less than 20°C or more than 30°C and by ±0.005 m  
s-1 when measurements were taken between temperature 
ranges of 15°C to 19°C and 31°C to 60°C. The anemometers 
had a stated temperature compensation range between 15°C 
to 60°C. Temperature within the facilities was measured 
with a combination temperature and relative humidity sensor 
(HMP60, Vaisala, Helsinki, Finland) located at the center of 
a SEAS mast. Sensor measurement accuracy was assessed 
with six selected sensors within the cross-section 3.05 m 
downstream of half-house. Outside weather conditions (am-
bient temperature, wind speed, and wind direction) during 
facility assessment were measured with a weather station 
(H21-001, Onset Computer Corp., Bourne, Mass.). 
RESULTS AND DISCUSSION 
Air velocity and airflow measurements were collected in 
three commercial broiler houses using the traverse method 
and FANS units. During initial data analysis, it was observed 
that two air velocity sensors (sensors 17 and 23) in test facil-
ity 2 and three air velocity sensors (sensors 18, 24, and 39) 
in test facility 3 were not functioning properly. These sensors 
were excluded from further analysis. Air velocity uncer-
tainty ranged from 6.2% to 16.5% across the three facilities 
for the six locations analyzed due to variations in tempera-
ture at the time of measurement. The temperature effect on 
the accuracy of the sensors was ±10%, ±12.5%, and ±12.2% 
for test facilities 1, 2, and 3, respectively. Mean temperature 
within the facility during assessment was 20°C, 33°C, and 
33°C for test facilities 1, 2, and 3, respectively. Temperature 
within the facility varied throughout the measurement pe-
riod, which contributed to the variations in stated accuracy 
and calculated measurement uncertainty. The temperature 
within each facility while air velocity measurements were 
collected was well within the temperature-compensated 
measurement range of the sensors. Average wind speed and 
direction during measurement was 1.25 m s-1 (160° from 
north), 0.55 m s-1 (24° from north), and 2.5 m s-1 (300° from 
north) for test facilities 1, 2, and 3, respectively. 
Figure 5 illustrates the air velocity distribution in a verti-
cal plane for test facilities 1, 2, and 3. These cross-sections 
were approximately 12.2 m upstream of the first exhaust fan 
(29.3 m from the west end-wall, 27.4 m from the north end-
wall, and 19.8 m from the east end-wall for test facilities 1, 
2, and 3, respectively). Noticeably increased air velocities 
are present in the center of the cross-section, as opposed to 
reduced velocities at the periphery in all facilities. Measured 
air velocity was low near the ceiling in test facility 3 (fig. 5c) 
due to flow obstruction from a stowed brood curtain located 
3.1 m upstream of this cross-section. Low-velocity regions 
along the floor were due to the presence of feed pans. A re-
duced velocity region at approximately (X, Y) = (0.2 m,  
 
Figure 3. Traverse air velocity measurement with the SEAS deployed
in test facility 1. Air velocity sensors are on the left end of the black
brackets extending from each square mast arm. 
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Figure 4. Air velocity traverse layouts and sensor numbers for (a) test facility 1, (b) test facility 2, and (c) test facility 3 (not to scale). Mast distances 
for test facility 1 were 0.92, 3.35, 6.0, 8.88, 12.05, 14.87, and 17.34 m from the north side-wall. Mast distances for test facility 2 were 0.91, 4.67, 
7.56, 10.49, and 14.02 m from the east side-wall. Mast distances for test facility 3 were 0.91, 3.45, 6.58, 9.47, and 12.04 m from the south side-wall. 
Vertical distances of the air velocity sensors were 0.46, 1.07, 1.68, and 2.13 m above the litter. Sensors were added to the top of the masts in 0.61 m 
increments to measure air velocity at the peak of the ceiling. Horizontal spacing of the air velocity sensors on the masts was 1.45 m. 
 
 
Figure 5. Vertical plane velocity distribution approximately 12.2 m upstream of the first exhaust fan for (a) test facility 1, (b) test facility 2, and 
(c) test facility 3. 
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1.07 m) was created by the presence of external forced-air 
furnace inlets on the southern side-wall in test facility 3. Test 
facility 2 (fig. 5b) demonstrated higher air velocities from 0 
to 1.68 m above the litter. Stowed air deflector curtains in-
stalled in this facility every 12.2 m provided the same effect 
as the stowed brood curtain in test facility 3. During data 
collection, these curtains caused local reductions in the 
cross-sectional area of the facility and local increases in the 
mean cross-sectional air velocity. A reduced velocity region 
at (X, Y) = (6.8 m, 0.46 m) in test facility 2 can be seen and 
was the result of a feed line obstructing the sensor in that 
location. Regions of reduced air velocity occurred at each 
side-wall near the ceiling in all facilities due to exposed 
structural knee braces. 
Figure 6 shows horizontal planes (plan views) of the air 
velocity distribution in test facility 1 at bird level (0.46 m 
above the litter, fig. 6a) and human level (1.68 m above the 
litter, fig. 6b). A region of low air velocity (≤1.5 m s-1) can 
be seen across the entire house width and extending approx-
imately 24.4 m down the length of the facility that represents 
a “dead air” space at the tunnel inlet region. The reduced air-
flow at 0.46 m could be due to the use of tunnel inlet doors 
as compared to tunnel curtains used in the past. While taking 
measurements, it was observed that the air was pulled up 
along the top of the tunnel door and along the ceiling before 
mixing at the end of the low-velocity region. This low-ve-
locity region could be detrimental to bird performance. As 
the two air streams entered the facility through the tunnel 
inlet, flow separation occurred along each side-wall, creating 
a vena contracta at the center of the facility (Wilcox, 2003). 
The vena contracta was observed to start at 43.8 m axially. 
Mounting all of the exhaust fans on each side-wall created 
an additional region of low air velocity beginning at 163.4 m 
axially and continuing to the end of the facility at 0.46 m 
above the litter. This area was reduced at 1.68 m above the 
litter starting at 167.0 m axially. The total area experiencing 
velocities below 1.5 m s-1 was approximately 447 m2 at 
0.46 m above the litter, representing 14.3% of total facility 
floor area. This would affect approximately 4,828 birds at a 
stocking density of 10.8 birds m-2 for test facility 1. 
At both 0.46 m (fig. 7a) and 1.68 m (fig. 7b) above the 
litter, test facility 2 showed nine distinct regions of increased 
air velocity down the length of the facility. These areas of 
increased air velocity corresponded to the same cross-sec-
tions as the stowed air deflectors. A low-velocity region was 
present between the air inlets and ahead of the vena con-
tracta from 0 to 30 m in this facility. A disruption down the 
center of the facility was caused by an air velocity sensor 
located near a feed line. Similar to test facility 1, a low-ve-
locity region was present at the exhaust fans 0.46 m above 
the litter and reduced at 1.68 m above the litter. This area is 
less pronounced in test facility 2 than in test facility 1 due to 
four exhaust fans being located on the north end-wall of test 
facility 2. The total area experiencing velocities below 1.5 m 
Figure 6. Air velocity distribution in the horizontal plane (top view) of
test facility 1 at (a) 0.46 and (b) 1.68 m above the litter. 
Figure 7. Air velocity distribution in the horizontal plane (top view) of 
test facility 2 at (a) 0.46 and (b) 1.68 m above the litter. 
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s-1 was approximately 457 m2 at 0.46 m above the litter, rep-
resenting 20.7% of total facility floor area. This would affect 
approximately 4,936 birds at a stocking density of 
10.8 birds⋅m-2 for test facility 2. 
Similar distribution patterns were present in the horizon-
tal planes for test facility 3 at 0.46 m (fig. 8a) and 1.68 m 
(fig. 8b) above the litter. The low-velocity region associated 
with the tunnel inlets extended approximately 12.2 m into 
the facility and across the entire width. The vena contracta 
started at 17.5 m along the length of the facility. At approx-
imately 30 and 97.5 m axially, the air velocity was increased 
at both 0.46 and 1.68 m above the litter from stowed brood 
curtains, reducing the effective internal area of the facility at 
these cross-sections and locally increasing the air velocity. 
No low-velocity regions were observed at the exhaust fan 
end of the facility due to the fans being placed on the end-
wall. The total area experiencing velocities below 1.5 m s-1 
was approximately 149 m2 at 0.46 m above the litter, repre-
senting 10.0% of total facility floor area. This would affect 
approximately 1,609 birds at a stocking density of 10.8 birds 
m-2 for test facility 3. 
Air velocity at the center of the house was higher at 
1.68 m above the litter than at 0.46 m above the litter in all 
three test facilities. These results are consistent with the find-
ings of Wheeler et al. (2002). Restrictions within the vertical 
aspect caused by equipment (feed lines, feed hoppers, water 
lines, etc.) near the litter contributed to increased air veloci-
ties near the ceiling. 
For total facility flow rate assessment, the fans were num-
bered consecutively clockwise starting with the fan nearest 
the evaporative pad inlets on the left side of the facility 
(fig. 9). Results from individual fan airflow testing are 
shown in table 1 for each test facility. 
Table 2 shows the total airflow volume quantified with 
the FANS units and associated Ved for test facilities 1, 2, and 
3. Test facility 1 had the highest and test facility 3 had the 
lowest average DSP measured at the fans, total airflow, and 
Ved. Total airflow of each facility was 512,730, 389,495, and 
329,270 m3 h-1 for test facilities 1, 2, and 3, respectively. As-
suming 10.8 bird m-2, the measured flow capacity was 15.3, 
16.4, and 19.6 m3 h-1 bird-1 for test facilities 1, 2, and 3, re-
spectively. The elevated DSP measured at the fans is a result 
of design velocity targets, as DSP must necessarily increase 
as flow increases. While the total area of the evaporative 
cooling pad inlets is of sufficient capacity to allow air into 
the facility, the placement of the inlets (i.e., on the side-
walls) requires the air to turn from perpendicular entry to ax-
ial flow and results in significant entry losses. In addition, 
the significant variations in the vena contracta near the end 
of the evaporative cooling pad inlets in all three facilities in-
dicate that the inlet flow is not uniform across the entire face 
of the inlet pads. The majority of airflow is entering the fa-
cility within the last 20% (approximately) of the evaporative 
pads, which may create additional operating pressure for the 
tunnel ventilation fans. 
Figure 10 shows normalized mean air velocity (Vcs/Ved) 
for each cross-section versus proportion of total house 
length. As location progressed toward the tunnel fans, Vcs/Ved 
Figure 8. Air velocity distribution in the horizontal plane (top view) of
test facility 3 at (a) 0.46 and (b) 1.68 m above the litter. 
Figure 9. Fan numbering scheme for total facility airflow assessment 
(not to scale). Numbering began with the fan nearest the evaporative 
cooling pad inlet on the left side of the facility and proceeded clockwise 
to the fan closest to the cooling pad inlet on the right side of the facility.
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increased. Variations in inlet size and flow capacity between 
the three facilities contributed to the differences in the loca-
tion where fully developed flow occurred. Test facility 1 ex-
hibited a sharp decline in Vcs/Ved at approximately 80% of 
house length. Czarick and Fairchild (2011) assessed tunnel 
ventilation fan placement between side-wall and end-wall 
and its effect on air velocity distribution. Results showed that 
no effect on air velocity distribution occurred at 30.5 m up-
stream of the exhaust fan end-wall with an equal number of 
end-wall ventilation fans running versus side-wall ventila-
tion fans running. Simmons et al. (1998a) compared the flow 
rates of exhaust fans placed on the end-wall versus the side-
wall in a tunnel-ventilated broiler production facility and 
found that the performance of exhaust fans on the side-wall 
declined nearest the tunnel inlet end of the facility. These 
findings agree with the total fan flow results in this study 
shown in table 1. The decline in mean cross-section velocity 
observed near the end-wall in test facility 1 was largely due 
to fan placement on the side-walls of the facility. 
These results show that 26.5% of the total house length 
was below Ved for test facility 1, while test facilities 2 and 3 
had only 20.8% and 17.5%, respectively, of total house 
length below Ved. Some cross-sections in the fully developed 
flow region of test facility 3 were at or slightly below Ved. 
Potential infiltration leaks in the sidewall curtain and ob-
structions within the facility, including radiant brooders, 
forced-air furnace inlets, and post side-wall construction, 
may have contributed to these relatively low-velocity cross-
sections. Locally increased air velocity cross-sections can be 
seen at 20%, 50%, and 80% of house length for test facility 3 
as well. These were attributed to restrictions caused by the 
stowed brood curtains at 20% and 80% of house length and 
feed hoppers at 50% of house length. Test facility 2 showed 
several local minima and maxima in Vcs/Ved down the length 
of the facility due to the effect of the stowed air deflectors. 
Test facility 1 had the highest Vcs/Ved within the fully devel-
oped flow region but also had the highest total facility flow 
rate. 
CONCLUSIONS 
Total airflow and air velocity distribution were assessed 
in three commercial broiler production facilities with differ-
ing house sizes and designs. Total airflow of each facility, 
measured with a Fan Assessment and Numeration System, 
was 512,730, 389,495, and 329,270 m3 h-1 for test facili-
ties 1, 2, and 3, respectively. Air velocity distribution pat-
terns were characterized in each house with a Scalable Envi-
ronment Assessment System (SEAS) and spatial statistics. 
Air velocity distributions within the test facilities were vari-
able, with notable maxima immediately downstream of the 
tunnel inlets, which serve as a well-defined vena contracta, 
and local minima near the leading end of the evaporative 
Table 1. Individual fan performance and associated static pressures measured during tunnel ventilation in the three test facilities. 
Fan 
Number 
Test Facility 1 
 
Test Facility 2 
 
Test Facility 3 
Fan Flow Rate 
(m3 h-1) 
Differential Static 
Pressure at Fan (Pa) 
Fan Flow Rate 
(m3 h-1) 
Differential Static 
Pressure at Fan (Pa) 
Fan Flow Rate 
(m3 h-1) 
Differential Static 
Pressure at Fan (Pa) 
1 28,789 44.8  28,692 44.8  25,452 47.3 
2 34,310 44.8  29,460 39.8  33,940 29.1 
3 37,785 40.1  30,753 37.3  36,976 34.1 
4 39,049 39.8  32,008 34.8  34,728 36.1 
5 39,365 43.9  34,744 33.6  34,839 34.6 
6 40,425 35.3  33,638 32.3  33,771 34.3 
7 39,941 35.0  34,126 31.1  33,953 40.3 
8 36,149 35.4  34,257 34.8  35,752 35.3 
9 39,978 34.2  35,662 29.9  29,980 38.3 
10 39,030 36.7  34,295 34.8  29,880 38.3 
11 37,376 40.1  32,570 37.3    
12 37,246 40.4  29,291 44.8    
13 32,851 42.3       
14 30,436 41.5       
Table 2. Total facility flow, effective design velocity, and mean cross-section velocity for all facilities assessed. 
Test 
Facility 
House 
Width 
(m) 
Total Inlet 
Pad Area 
(m2) 
Theoretical 
Inlet Pad Face 
Velocity 
(m s-1) 
Cross- 
Sectional 
Area 
(m2) 
Differential 
Static Pressure 
at Fans 
(Pa) 
Total 
Airflow 
(m3 h-1) 
Effective 
Design 
Velocity 
(m s-1) 
Mean 
Cross-Section 
Velocity 
(m s-1) 
1 18.3 64.9 2.19 47.9 39.6 512,730 2.97 3.16 
2 15.24 50.2 2.16 44.2 36.3 389,495 2.45 2.39 
3 12.19 25.5 3.60 39.1 36.8 329,270 2.34 2.28 
Figure 10. Cross-sectional mean air velocity (Vcs) normalized by effec-
tive design velocity (Ved) for test facilities 1, 2, and 3. House length is
expressed as 0% to 100% for comparison purposes. 
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pads and the exhaust fans. The total bird-level floor area in 
each facility experiencing air velocities below 1.5 m s-1 was 
447, 457, and 149 m2, representing 14.3%, 20.7%, and 
10.0% of the total floor area, for test facilities 1, 2, and 3, 
respectively. The effective design velocity (Ved) was calcu-
lated from total airflow using the measured building cross-
sectional area. The Ved measured 2.97, 2.45, and 2.34 m s-1 
for test facilities 1, 2, and 3, respectively. Mean cross-sec-
tional air velocity (Vcs) was calculated from SEAS data and 
normalized using each facility’s Ved to account for differ-
ences in building size for comparison. Test facility 1, the 
largest of the three houses, generated substantially higher 
Vcs/Ved than test facilities 2 and 3. Test facilities 2 and 3 
maintained a larger proportion of Vcs above Ved than did test 
facility 1. Test facility 1 showed 26.5% of the total house 
length below Ved, while test facilities 2 and 3 only had 20.8% 
and 17.5%, respectively, of the total house length below Ved. 
The lower-velocity regions were due to the length of the 
evaporative cooling pad inlet and the use of tunnel doors, 
and exhaust fan placement in test facility 1 on the side-walls 
created an additional pronounced low-velocity area. Place-
ment of tunnel ventilation fans on the end-wall of the facil-
ity, rather than the side-wall, would eliminate the low-veloc-
ity region at the exhaust end of the facility, as shown by test 
facility 3. Modifications to current practices for broiler pro-
duction facility construction and evaporative cooling pad in-
let installation would be required to minimize the low-veloc-
ity region at the inlet end of these facilities. This, in turn, 
would reduce the floor area within each facility experiencing 
insufficient air velocity for maintenance of production effi-
ciency and bird thermal comfort. This is currently not an op-
tion with the required high air velocities and the upper air 
velocity limits specified for the evaporative cooling pads. 
This study consisted of a large number of air velocity 
measurements that allowed visualization of the housing 
structural and equipment components that affect air velocity 
distribution values for three house sizes. This study showed 
air velocity distribution differences between newer construc-
tion (test facilities 1 and 2) and older construction (test facil-
ity 3). Feeders created variable air velocities at bird level for 
all houses. Feed charge hoppers (when present at mid-
house), radiant brooders, and stowed brood curtains and air 
deflectors reduced the internal cross-sectional area, causing 
localized increases in air velocity. Moving feed charge hop-
pers from the center of the house, as in test facility 1, and 
minimizing or eliminating stowed curtains within the facility 
would yield a more uniform cross-section and reduce cross-
sectional restrictions that the exhaust fans must overcome. 
Using radiant tube brooders mounted to the ceiling rather 
than the circular radiant brooders 1.52 m above the litter and 
in the air stream may reduce restrictions as well. Addressing 
these issues, when possible, could improve the overall uni-
formity of air velocity distribution within a broiler house and 
has potential to improve both bird performance and produc-
tion efficiency. 
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